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Age-dependent characteristics of compensatory renal growth.
The age-dependent characteristics of compensatory renal
growth were studied in neonatal, weanling and young adult rats.
Compensatory growth was demonstrated to be greater in young,
sexually immature animals than in adults following unilateral
nephrectomy. In the four-week interval following surgery in 21-
day-old weanhing rats, renal mass increased 240% in control
animals (group A) and 407% after unilateral nephrectomy
(group B). In similarly prepared adult animals, renal weight in-
creased 31 and 81% in the same groups, respectively. The re-
markable response in compensatory growth achieved by the
young animal was further demonstrated by a greater absolute
increase in renal mass in the experimental kidney of young rats
compared to adults. Further studies were performed to deter-
mine whether the mechanism of compensatory growth in young
rats involved formation of new nephrons. The total glomerular
count in the remaining kidney of rats after removal of one kidney
at 5 (neonatal) and 21 (weanhing) days of life did not differ from
the value obtained in control neonatal, weanhing or adult kid-
neys. These data indicate that compensatory renal hypertrophy
is age-dependent and is greater in young animals. The mechan-
ism for enhanced compensatory renal growth in young animals
does not involve glomerular neogenesis since there was no evi-
dence for formation of additional nephrons following nephrec-
tomy either in weanhing or neonatal animals.
Caractdristiques de l'hypertrophie compensatrice rénale en
fonction de l'âge. Les caractéristiques de I'hypertrophie compens-
atrice rénale en fonction de l'age ont été étudiées chez des rats
nouveaux-nds, chez des rats sevrés et chez des jeunes adultes. 11
est démontré que l'hypertrophie compensatrice est plus grande
chez I'animal jeune, sexuehlement immature, que chez l'adulte,
aprés néphrectomie unilatérale. Au cours des quatre semaines
consécutives a Ia chirurgie chez des rats sevrés âgés de 21 jours
Ia masse rénale augmente de 240% chez les animaux témoins
(groupe A) et de 407% aprés néphrectomie unilatérale (groupe
B). Chez des animaux adultes traités de Ia méme facon le poids
du rein augmente de 31% et de 81%, respectivement. La réponse
remarquable de l'hypertrophie compensatrice réalisée par l'ani-
mat jeune est démontrée de surcroIt par une augmentation
absolue de Ia masse rénale du rein experimental plus grande que
chez l'animal adulte. D'autres travaux ont etC rCalisCs pour
examiner l'hypothCse que l'hypertrophie compensatrice corn-
porte Ia formation de nouveaux néphrons. La numeration des
glomerules du rein restant apres l'ablation d'un rein a 5 jours
(nouveaux-nés) et 21 jours (sevrCs) ne diffCre pas des valeurs
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obtenues pour les reins des temoins nouveaux-nés, sevrés ou
adultes. Ces résultats indiquent que l'hypertrophie compensa-
trice est dependante de l'âge et plus grande chez les animaux
jeunes, Le mécanisme de Ia stimulation de l'hypertrophie corn-
pensatrice ne comporte pas de neogenese glomerulaire puisqu'il
n'y a pas eu de preuve de Ia formation de nouveaux nCphrons
aprCs nCphrectomie unilatCrale ni chez les animaux sevrés ni
chez les nouveaux-nés.
Recent studies from this laboratory have demon-
strated that the marked adaptive changes in renal
growth and function, following removal of kidney
tissue in adult animals, correlate directly with the
amount of tissue removed [1]. Since earlier reports [2—
4] have suggested that compensatory renal growth may
be age-dependent, experiments were performed to de-
termine whether the increase in mass was greater in
young animals than in sexually mature adults. The de-
sign of this study permitted an estimation of the rate of
normal and compensatory renal growth and absolute
changes in renal mass in the different age groups.
Furthermore, since a recent study has reported forma-
tion of additional nephrons after unilateral nephrec-
tomy in young rats between 25 and 50 days of age [5],
despite earlier evidence demonstrating no change in
nephron population under similar conditions [2, 6—9],
the mechanism for compensatory renal growth in
young animals was examined.
Methods
Experiments were performed on weanling male
Sprague-Dawley rats (Charles River Breeding Labor-
atories, Wilmington, Massachusetts) 21 to 22 days of
age, weighing 44 to 65 g, and on adult male animals of
the same strain 50 to 70 days of age, weighing 150 to
200 g. Weaning in these young animals occurred on
about the 20th day of life. Two groups were anesthe-
tized with ether. Group A served as controls, and a
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sham operation was performed on the left kidney.
Group B animals underwent left nephrectomy. The
excised renal tissue was weighed immediately in tared
bottles to determine wet weight and after drying for
48 hr at 90°C to determine dry weight. There was no
difference in the ratio of dry/wet weight between 21-
to 22-day-old and adult rats, which averaged 21.5% in
both age groups.
Following surgery, rats weighing within 5 g of each
other were allocated to either group A or B. Subse-
quently, control (group A) and experimental animals
(group B) were pair-fed to maintain a similar dietary
intake. The contents of the diet (protein, 23%) and
other details of preparation were identical to those
previously employed [1].
After four weeks anesthesia was induced with
mactin (Promonta, Hamburg), 120 mg/kg, and I ml of
India Ink (Gunther Wagner Cl 1/143 lA) was slowly
injected into the left carotid artery, as a marker for
glomerular counting. Although the dose of mactin
used for anesthesia in this study is larger than that
usually quoted in published reports (80 to 100 mg/kg
of body wt), the administration of 120 mg/kg to this
strain of rat produced a sustained level of anesthesia
without inhibiting withdrawal to noxious stimuli. In
Wistar rats (Charles River Laboratories) a similar
level of anesthesia was attained with the lower dose of
80 to 100 mg/kg. After sacrifice, wet kidney weight
was determined and kidneys were fixed in 10% for-
maldehyde solution.
The body weight of both control and experimental
animals in each twosome was approximately equal at
the time of initial surgery. Therefore, the initial kidney
weights in the control animal, group A, and remaining
kidney in the experimental rat, group B, were assumed
to equal the weight of the excised kidney in group B.
These calculations are based on the assumption that
the weight of the right and left kidneys in the same
animal are approximately equal and that kidney
weights are approximately equal between different
animals of similar body weight. The validity of these
assumptions was demonstrated in a previous study [1].
The absolute change in kidney weight (i kidney wt)
was estimated as the difference between the final and
initial kidney wt and relative change (% kidney wt)
was estimated as that difference divided by initial
kidney wt.
Total glomerular counts were performed in control
group A animals and in nephrectomized group B rats
to determine whether glomerular neogenesis occurred
after loss of renal mass. Glomerular counts were also
made from kidneys of 21 young male rats, 22 to
35 days of age (range of body wt, 43 to 128 g), and
compared to kidneys from 10 adult male rats with a
body wt of 180 to 346 g, to determine whether the
number of functioning glomeruli increases in normal
rats from the time of weaning through adulthood.
A second series of experiments was performed to
exclude the possible effect of a difference in species or
in maturity of the kidney at the time of surgery on
formation of new nephrons between our study and a
previous report [5]. This was approached in two ways:
by performing unilateral nephrectomy in male and
female Sprague-Dawley rats in the neonatal period, at
5 days of age, and by studying weanling female
Wistar rats, the experimental animal used in the other
study [5]. Two pregnant Sprague-Dawley rats were de-
livered of litters of 9 and 11 offspring in our laboratory.
At 5 days of age, five rats from each litter underwent
unilateral nephrectomy, using hypothermia for anes-
thesia.
This form of anesthesia was employed in young neo-
natal rats after encountering a high incidence of
mortality with pentobarbital. Using ice cubes to induce
hypothermia, a satisfactory level of anesthesia was
produced in approximately 15 sec and the entire surgi-
cal procedure was completed within two to three
minutes. There was no operative mortality. Animals
quickly regained consciousness when warmed in the
operator's hands and immediately appeared completely
normal and free of discomfort. It appeared, therefore,
that this anesthetic technique reduced not only
mortality but discomfort as well.
Mothers accepted the operated offspring readily and
both litters were weaned on day 21. These animals,
both control and experimental, were killed on day 42
following the injection of India ink when the body wt
was 150 to 200 g. Studies were also performed on
female Wistar rats obtained from Charles River
Breeding Laboratories. A right nephrectomy was per-
formed in seven animals between 22 and 25 days of age
while seven rats served as controls. Animals were
allowed to eat ad lib after surgery. While the rats were
anesthetized with mactin, India ink was infused and
the animals killed four weeks later for the purpose of
glomerular counting.
A modification of the method described by Dama-
dian, Shwayri and Bricker [10] was used to measure
the total number of glomeruli present in the kidney.
The formaldehyde-fixed specimens were macerated for
19 hr in 25% HCI at 50°C. The method for maceration
of formaldehyde-fixed kidneys was similar for young
and adult animals. However, fresh kidney tissue from
young rats differed from that in older animals in that
only 30 to 60 mm in 25% HCI at 50°C was required to
digest kidneys from 21-to 22-day-old rats, while 120 to
150 mm was necessary for animals 150 g and larger.
Under these conditions, there was no difference in the
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total glomerular count in formaldehyde-fixed kidneys
compared to fresh tissue (F> 0.5).
The digest was diluted in distilled water to a final
volume of 20 ml and stirred mechanically while ten
aliquots were drawn into 50 d pipets from different
levels of the solution. The total number of glomeruli in
each aliquot was counted under a dissecting micro-
scope (magnification, x 40). The sum of all glomeruli
counted, multiplied by the appropriate dilution factor,
gave the number of glomeruli in the original specimen.
Since the validity of glomerular counts was depen-
dent upon the precision and accuracy of the method
used, an analysis of the technique for glomerular
counting was performed. In the present experiments
ten aliquots from each kidney were counted and the
coefficient of variation (SD/mean x 100) averaged 10.4
for 31 determinations. The small coefficient of
variation indicates adequate precision for counting. In
addition, our data show that mixing of glomeruli was
adequate as evidenced by the means and variances of
the glomerular counts fitting a Poisson distribution,
and that our reliance upon ten aliquots reduced vari-
ance and introduced significantly greater precision
than the use of two or three aliquots (see Appendix).
Values expressed represent the mean SEM. Student's
t test was used for statistical comparison of groups
when applicable.
Results
The validity of paired feeding to provide a constant
caloric intake was demonstrated by a similar increase
in body weight among both weanling and adult ani-
mals in both control and experiment groups (P <0.40)
as shown in Table 1. In most reported studies com-
pensatory renal growth has been estimated by corn-
paring the weight of the experimental kidney, follow-
ing surgery, to the control weight. When the results of
the present study were analyzed in this way, compens-
atory renal growth was greater in weanling animals
after nephrectomy than in adults, since there was a
48% increase over control in weanling animals and a
37% rise in adults (P<0.05) (Table 1). The design of
these experiments also permitted an estimation of the
absolute change in kidney mass (final kidney wt-initial
kidney wt) in control and experimental animals during
the four-week interval after surgery. The increment in
mass in the remaining kidney (i kidney wt) of group B
weanling animals was 1.19 and 0.79 gin
adults (P< 0.001) indicating a greater change in ab-
solute renal mass in weanling animals. Estimation of
the relative change in renal growth, % kidney wt,
calculated from kidney wt/initial kidney wt in all
groups, demonstrated an average growth rate among
group A, control weanling rats of 240.4 10.3 and
30.5 4.1% in group A, control adult rats. In group B,
following nephrectomy, the rate of renal growth was
407.0±12.6% in weanling and 80.6±7.1% in adult
animals. When the relative change in renal growth of
controls is accounted for, compensatory growth after
unilateral nephrectomy resulted in 167 and 50%
further growth of the kidney in weanling and adult
animals, respectively (P <0.001).
There was a small but significant increase in total
glomerular count in normal kidneys between the time
of weaning at 22 days of age and adulthood (Fig. 1).
The glomerular count at 22 to 35 days of age was
33,786± 514 and rose approximately 11% to 37,538±
964 in adult animals.
However, despite enhanced compensatory renal
growth in weanling rats, there was no evidence for
formation of additional nephrons after unilateral
Table 1. Change in body and kidney weight in weanhing and adult rats after unilateral nephrectomyo
Weanhing
(N= 19)
Adult
(N=26)
Control Experimental Control Experimental
Increase in body wt, g
Initial kidney, wt, g
Final kidney wt, g
Interval change in kidney wt,
kidney wt, g
Interval change in kidney wt,
kidney wt, °/
Change in final kidney wt,
experimental/control,%
149.0± 5.1
0.29±0.01
0.99±0.02
0.70±0.02
240.4± 10.3
152.1 4.4
0.29±0.01
1.48±0.04b
1.19±0.04"
407.0±12.6"
47.8 2.7
70.4± 8.4
1.06±0.04
1.33±0.04
0.27±0.03
30.5±4.1
79.7± 8.0
1.06±0.04
1.85±0.06"°
0.79±0.06""'
80.6±7.1""'
37.2 4.9°
The values shown are mean SEM. N= number of animals.
bp<0.001 when the experimental value is compared to its respective control.
°P<0.005 when the experimental values, weanling vs. adult, are compared,
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nephrectomy (Fig. 2). The average total number of
glomeruli in the hypertrophied kidney of group B rats
nephrectomized at 21 to 22 days of age was 34,602
987 compared to 36,304 745 and 34,244 1189 in the
left and right kidneys, respectively, of control group A
animals (P>0.60). Similarly, in rats operated upon
during adulthood, the total glomerular count was
37,582 1446 in the hypertrophied kidney and 37,538
964 in control (P>0.70).
The failure to demonstrate an increase in total
glomerular number in the hypertrophied kidney after
nephrectomy in weanling animals was not apparently
caused by a difference in the structural maturity of the
kidney at the time of surgery or a difference in the
strain or sex of rat used in this study compared to a
0
40,000 o
30,000 0 8
previous report [5] where an increase was observed.
Four weeks after unilateral nephrectomy in 5-day-old
Sprague-Dawley rats, there were 34,812 696 glomer-
uli in the hypertrophied kidney and 35,373 1312 in
controls (P>0.70). Since female Wistar rats, fed ad lib,
were employed in the earlier study [5], groups A and B
animals were also prepared in 22- to 25-day-old female
Wistar rats and allowed to eat ad lib until glomerular
counts were performed four weeks later. There was no
difference in total glomerular count per kidney be-
tween the hypertrophied (38,534 1131) and control
organs (39,171 875) (P>0.30).
Discussion
Earlier studies have provided evidence that the
capacity for compensatory renal growth is age-depen-
dent, being greater in young, sexually immature ani-
mals than in adults [2—4] and probably blunted during
advanced age [11—13]. These experiments, however,
based on rates of DNA and RNA synthesis or com-
parison of the final weight of the hypertrophed kidney
to control do not provide data on the absolute or rel-
ative changes in renal mass due to normal and com-
pensatory renal growth. Moreover, previous workers
did not control for the possible influence or differences
in caloric or nitrogen intake or both between control
and nephrectomized animals. This factor is of im-
portance since dietary intake has been shown to
modulate body weight and both normal and compen-
satory renal growth [14].
The present study clearly shows that the increment
in renal mass due to compensatory renal growth is
greater in young, sexually immature animals than in
adults, as previously suggested, whether determined as
relative or absolute change in kidney weight. More-
over, because the design of the present study permitted
an evaluation of the normal rate of renal growth in
weanling and in adult animals, it was demonstrated
that increased compensatory growth in young animals
was associated with a remarkably rapid normal
growth rate. Based upon the relative concentrations of
DNA, RNA and protein in renal tissue, previous
studies have suggested that in the developing rat nor-
mal renal growth occurs predominantly by hyperplasia
until approximately the 14th day of life, by both
hyperplasia and hypertrophy from day 15 until day 40
and predominantly by hypertrophy thereafter [15].
These data, therefore, suggest that enhanced com-
pensatory renal growth in young animals is associated
with the hyperplastic phase of normal growth. It is of
interest that Dicker and Shirley [4] have shown in
studies based upon the concentration of RNA and
:8
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Fig. 1. Total number of glomeruli per kidney in 21 weanling male
Sprague-Dawley rats, ages 22 to 35 days (body wt, 40 to 150 g)
and 10 adult male Sprague-Dawley rats (body wt, 180 to 346 g)
plotted against body weight. Glomerular counts in left and right
kidney from each animal are shown separately. Number of
glomeruli (y) = 265 body wt + 31,476 (N= 62, r= 0.5950, P<
0.001).
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Fig. 2. Total number of glomeruli per kidney in control Sprague-
Dawley rats and animals nephrectomized at neonatal (5 days),
weanling (21 days) and adult (50—70 days) stages of life. Individual
observations made for each group are represented. Bars indicate
meafl±SEM. There is no significant difference in glomerular
counts between control and nephrectomized animals in any age
group.
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DNA in renal cortex that hyperplasia plays the pre-
dominant role in compensatory growth in newborn
animals while hypertrophy is predominant in the
adult. In other studies (unpublished) we have found
that one week after unilateral nephrectomy the rate of
compensatory growth was not different between wean-
ling and adult animals. The greater compensatory re-
sponse in young animals, however, was evident when
observations were extended over several weeks, owing
to a fall in the growth response in adult animals after
a week, while compensatory growth continued at a
high level in young animals.
Although it is well known that compensatory renal
growth in adult animals involves hyperplasia and
hypertrophy of existing nephrons, the mechanism of
compensatory renal growth in young, sexually im-
mature animals is less certain. Using histologic and
electromagnetic methods for counting glomeruli,
Kittelson [16] and Arataki [17] found no evidence for
the formation of additional nephrons after surgery in
neonatal Wistar rats. In a recent report, however,
Bonvalet et al [5] reported a significant and large in-
crease in glomerular count from a control value of
32,000 to 47,000 after unilateral nephrectomy in rats
20 to 36 days of age. In contrast to the change in
glomerular count in young animals after nephrectomy,
they observed no difference between experimental and
control kidneys when surgery was performed in the
adult.
Data obtained in the present study provide no evi-
dence for the formation of additional glomeruli during
compensatory renal growth in either weanling or adult
rats. The total glomerular count in Sprague-Dawley
rats was approximately 35,000 in both the normal and
hypertrophied kidney and was not increased when
surgery was performed before the age of 30 days. The
reason for the discrepancy between the present findings
and the observations made by Bonvalet et al [5] is not
clear. It seems unlikely, though, that the difference in
results between these two studies was accounted for by
a variation in structural maturity of the kidney at the
time of surgery or a difference in the sex or strain of
the experimental animal employed. While an increase
in total glomerular count of 30% was found in the
earlier report when unilateral nephrectomy was per-
formed in animals before 50 days of age, we were un-
able to confirm this finding even when surgery was
performed at 5 days of age, or by performing nephrec-
tomy in weanling animals of the same sex or strain
(female Wistar rats).
It is possible that the difference in results was related
to the respective methods employed to estimate the
total glomerular count, since the estimated count de-
pends critically upon the reproducibility and accuracy
of the technique. Although both series of experiments
used acid digests after marking glomeruli with India
ink particles, we found in preliminary studies that the
use of a circular plexiglas counting chamber, as origi-
nally described by Damadian et al [10] and employed by
Bonvalet et al [5], resulted in greater random variation
than the variation obtained by counting glomeruli in
ten 50-.l pipets as described under Methods. More-
over, the method used in the present experiments re-
duced variance and provided greater precision than the
use of two or three aliquots, as previously employed [5]
(see Appendix). The actual variation in glomerular
counts estimated in the earlier study cannot be deter-
mined from the published report.
Earlier studies [16, 17] reported that the total glomer-
ular count increases from approximately 10,000 to
15,000 mature glomeruli at birth in the Wistar rat to a
final value of approximately 26,000 at 21 to 25 days of
age. Bonvalet et al [5] recently reported that the glomer-
ular count continues to rise from 20 days of age
(25,270±sD 2,500) to a maximal value of 32,150±sD
4,550 for 60- to 80-day-old rats. In the present study a
smaller but significant increase in the total glomerular
count of approximately 11 % was also found from the
age of 22 to 25 days through adulthood. Since the
method employed is designed to measure the number
of functioning glomeruli, it seems likely that this
further increase in countable glomeruli with age re-
flects the maturation of preexisting glomeruli in the
outer nephrogenic zone of the cortex.
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Appendix
In the present report, ten aliquots of 50 .tl were
counted out of a total volume of 20 ml, giving a dilu-
tion factor of 40. In the report by Bonvalet et al [5],
the glomerular suspension was diluted up to 250 ml
and two aliquots of 1 ml each were counted. To com-
pare the statistical precision of the two methods, the
following computations were performed: method I =
present study; method II=Bonvalet et al [5]. For
method I let x1 be the number of elements (glomeruli)
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in one unit of volume. Since repeated counts of au-
quots indicate that the sample mean of x1 is approxi-
mately equal to the sample variance of x1, we consider
x1 to have a Poisson probability distribution with mean
A and variance A. If a fraction, f1, of the total volume is
sampled, then x1/f1 is an estimate of the total number
of elements, and Var (xj/f1) =(1/f1) 2A, where Var (.)
denotes the variance of the quantity in parenthesis.
For method II a different fraction, f2, of the total
volume is sampled. If x2 is the number of elements
(glomeruli) in one unit of volume, then x2/f2 is an
estimate of the total number of elements and Var (x2/
f2) =(1/f2) 2Var (x2). Suppose that the volume chosen
in method II is k times the volume used in method I;
then f2 =kf1 and Var (x2) =k A. Hence,
Var (x2/f2) = (l/k2f) k A
Var (x2/f2) = (1/kf) A
Var (x2/f2) = (1/k) Var (x1/f1).
Variance method I = (1/10) [11(0.0025)2] A
= (16,000.0) A;
Variance method II = (1/k) (1/2) [1/(0.0025)2] A
(51282.1) A.
Therefore, the variance of method ii is 3.20 times that
of method I. In other words, the relative efficiency of
method II to method I becomes 0.31 which indicates
that method I provides a considerably more precise
estimate than method 11.
References
1. KAUFMAN JM, DIMEOLA HJ, SIEGEL NJ, LYrION B,
KASHGARIAN M, HAYSLETT JP: Compensatory adaptation
of structure and function following progressive renal abla-
tion. Kidney mt 6:10—17, 1974
2. JACKSON CM, SHIELS M: Compensatory hypertrophy of the
kidney during various periods after unilateral nephrectomy
in very young albino rats. Anat Rec 36:221—237, 1927
3. MACKAY EM, MACKAY LL, ADDIS T: The degree of com-
pensatory renal hypertrophy following unilateral nephrec-
tomy: I. The influence of age. J Exp Med56:255—265, 1932
4. DICKER SE, SHIRLEY DG: Compensatory renal growth after
unilateral nephrectomy in the new-born rat. J Physiol 228:
193—202, 1973
5. B0NvALET JP, CHAMPION M, WANSTOK F, BERJAL C: Com-
pensatory renal hypertrophy in young rats: Increase in the
number of nephrons. Kidney mt 1:391—396, 1972
6. ARATAKI M: Experimental researches on the compensatory
enlargement of the surviving kidney after unilateral ne-
phrectomy (Albino rat). Am JAnat 36:437—450 1926
7. MOORE R: Number of glomeruli in kidney of adult white rat
unilaterally nephrectomized in early life. J Exp Med 50:709—
712, 1929
8. HIRAMOTO R, BERNECKY J, JURAND J: Immunochemical
studies on kidney hypertrophy of the rat. Proc Soc Exp
Med Biol 111:648—651, 1962
9. PERUZZE M: Ipertrofla ed iperplasia renale compensatoria.
Sperinientale 69:247—288, 1915
10. DAMADIAN RV, SHWAYRI E, BRICKER NS: On the existence
of nonurine forming nephrons in the diseased kidneys of the
dog. J Lab Clin Med 65: 26—39, 1965
11. BARROWS CH, ROEDER LM, OLEWINE DA: Effect of age on
renal compensatory hypertrophy following unilateral ne-
phrectomy in the rat. J Gerontol 17:148—150, 1962
12. K0NIsHI F: Renal hyperplasia in young and old rats fed a
high protein diet following unilateral nephrectomy. J
Gerontol 17:151—153, 1962
13. MALT RA: Compensatory growth of the kidney. N EngIJ
Med 280:1446-1459, 1969
14. DICKER SE, SHIRLEY DG: Mechanism of compensatory
renal hypertrophy. J Physiol 219:507—523, 1971
15. WINNICK N, NOBLE A: Quantitative changes in DNA, RNA
and protein during prenatal and postnatal growth in the rat.
Dev Biol 12:451—466, 1965
16. KITTELSON JA: The postnatal growth of the kidney of the
albino rat, with observations on an adult human kidney.
Anat Rec 13:385—408, 1917
17. ARATAKI M: On the postnatal growth of the kidney with
special reference to the number and size of the glomeruli
(albino rat). Am J Anat 36:399—436, 1926
18. STRASSBERG J, PAULE J, GONICK HD, MAXWELL MH,
KLEEMAN CR: The quantitative estimation of perfusible
glomeruli and the collagen and non-collagen nitrogen of the
normal kidney. Nephron 4:384—393, 1967
and, therefore,
Using method I, the variance of the average of n1
estimates of the total is (1/ni) (1/ff) A, and using
method II, the variance of the average of n2 estimates
of the total is (1/k) (1/n2) (1/f?) A. A common way of
expressing the relative efficiency of method I to
method II is k (n2/n1). The two methods have equal
variance (precision), when n1 kn2.
Assuming 36,000 glomeruli to be the mean number
per kidney, then methods I and II would have 90 and
140 glomeruli per aliquots of 50 d and 1 ml, respec-
tively, considering dilution factor. Therefore, f1
0.0025 and f2=0.0039. Considering ten and two au-
quots taken for the respective methods, and k =f2/f1 =
1.56, then
